.9 -0|
S UL

i,

8

THE EFFECT OF NOISE BARRIERS ON THE

MARKET VALUE OF ADJACENT RESIDENTIAL PROPERTIES

Fred L. Hall
J. Dauglas Welland

QSEP Raesearch Report No. 178

Fregram for Quantitative Studies in Economics and Populatian
Faculty of Social Sciences, McMaster University
w Hamil ton, Ontario, Canada
: LBS 4M4

August, 19864

Fred L. Hall is a member of the McMaster Departments of
Civil Engineering and Geography. J. Douglas Welland is a
QSEP Resoarch Associate and a member of the Department of

Economics.

RN




The Program for Quantitative Studies in Economics and Population (QSEP)

is an interdisciplinary research program established at MeMaster University
to encourage and facilitate studies in cconomics, population, and related
fields, Both theoretical and empirical studies are encompassed by the
program. The Research Report series provides a vehicle for distributing
the results of studies undertaken by QSEP associates. Papers prepared by
specialists for presentation to non-specialist groups are included in the

series, as well as papers of a technical nature.




Abgtract

This paper addresses the problem of how highway nelse affects house
prices, and how highway noise barriers alter that effect. The project began
with & s8et of house price data avallable in the Property Office of the
Ontario Ministry of Transportation and Communications. These data were
augmented with housing characteristics and sales data obtained from the
Toeronto Real Estate Board. All of the data were .féom three tresidential
areas of Toronto situated behind highway neise barriers. In a mulciple
linear regresaion,‘;;.uhich a varlety of other housing charac:eristicsfare
controlled for, the coafficient on noise level (in 198) dollars) varies from

-312 $/dB at one site, to =356 S$dB at a second site, to ~2971 §$/dB at a

third site, 2ll of which coefficlents are statistically significanc at the

«05 1level.s The pooled sample estimate is -778 $/dB. The first two values

are generally consistent with results of earlier studies, although perhaps a
bit lower. Non-linear regressions on noise level, and Zfunctions which
ignored noise until it was in the nid-60s, were also invescigated. Those
results supported neither e quadratic function, nor any e<lear threshold
affecr.

Close imspection of the data at the site with a =297) §/dB wvalue
suggests that these data may not be representative of the relevant popul=-
ation, in that expensive houses in high nolse envirouments are not proparly
represented in the sample. As a result, the extremely large estimated noise
penalty is probably a atatistical anemaly. Since the pooled sample noise
penalty of ~778 $/dB raflects im part the data freom that site; it too may be
non~representative of the population noise penalty.

It is clear from these data that house sales in areas protected by
nolse barriers refleer the same kind of valuation of noise as do hougses in

unprotected nolsy arcas.




INTRODUCTION

Highway nolse h.;.m several detrimental effects on people living adjacent
to the highways. When the nolse level is high enough, these effects are
sevare cnough to be reflected in housing prices. Several previous studles
have been conducted to cestimate this effect, but none of these have been
conducted 1in areas where highway noise barriers are present.

The main question addressed in this study is whether and to what extent
barriers overcome the impact highway noise has on house prices. In
particular, ia the $/dB effect at locations with noise barriers cnmme.nsurate-
with the §/dB effect at sites without barriers? In order to obrain n-éood ;
answer to this question, the tresearch alse considersa whether it is correct :
to speak of a $/dB effect (which implies a linearity of effact over the
range of the data), or whether the effect is a non-litear function of the
decibel level.

The most relevant of the previous studies for purposes of comparisan is .
the one reported in Taylor, Breston, and Hall (1982), based on work done for
a Master's thesis by Breston at McMaster University. That study utilized
data on 2277 dindividual housing sales at 51 sites in southern Ontarie, and
involved collection of highway nolse data at those sites specifically for
the analysis. The results showed that noise was valued at approximataly

250-300 §/dB (in 1977 dollars), comparing similar housing at differvent
fvetage

distances (and therefore noise levels) from the roadway. For the
house price of §$60,000, chis represents a depreciation rate o
decibel. Hoise level differences between the first two rows of housing .
parallel to a highway ranged from 7 to 16 dB in that rrudy, implying chat
the effect of the noise varied between 3.5% and 8% of the price of similar

but quieter housing. Because that study was conducted in gouthern Ontario,
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and used detailed nolse level data, its results should provide the moss
appropriate comparison for results of the current study.

Nelson (1978b) reperts on a study using 1970 census data for 456 tracts
for the Washington, D.C. metropolitan aren. Hig zesults "imply that a ] dBa
inerease in Ldn will decrense a glven property value by about 0.8 percent,
all other things being equal”™ (p. 95). Unfortunately this study did noc
collect noloe data, and was not based orn individual sales data. Instead,
census tract data for average sales prices and averaée housing character—
istics were used, and noise levels were estimated based on population
densities, '

Nelson also provides a summary of three earlier studies of road traffic
noise house price effects, for which the results are all remarkably similar.
Gamble et _al. (1974) find decreases in property values of becween 0.20% and
0.42% per dB, except for one site where the decrease as escimpred by the
regression equation was 2,22% per dB. Anderson and Wise (1977) obtain a
poaled sample result of 0.25% per dB, which compares very closely with a
pooled aample result of 0.26% per dB for Gamble et sl. Both Gawble er al,
and Anderson and Wise used the sams data, individual real-estate records for
four Eastern U.S. compunities. The Gamble et al. data were for the period
1969 to 1971, with an average houae priece of $31,100 scross the sample. The
Anderson and Wise study covered the perilod 1965 to 1971, No average value
is avallable. Within specific sites, however, the Anderson and Wise results
varied considerably, from a non-significan: effect at two sites teo as high
as 1.0% per dB. Vaughn and Huckins (1975) found results ranging from 0.4 to
0.6X per dB, depending on the nolse measure and regression form, with a best
estimate of about 0.6% per dB. They used a Chicngo~£ased sample for the

period 1971=72, with an average house price of $22,500.




This paper is based on data from Toronto, Ontaric, collected at two
sites with noise barriers and at a third with data from before and after
barrier constructiom. The study began with data previously acquired by the
Property Qffice of the Ontaric Ministry of Tramsportation and Communiecations
(MTC)e. The existence ¢f thoge data decermined the sites to be used for the
present study, which was limited to three locations in the Toronto
metropolitan area. The first analysis reported here was based solely on the
MTC data. A second analysis drew upon additional da;a for the same three
sites, collected frcm_ﬁpe Torconto Real Estate Board. The mext two sections
desceride those analyses, starting with a brief description of the available
data for each. The £inal scction of the paper compares these results with

those Ffrom cthe carlier studies, and suggests some possibilivles £or

additional research.

ANALYSIS OF MIC PROPERTY OFFICE DATA
Recent data available in the MIC Propercy Office £files come from

3 sices in Toronto:

l. &Etobicoke, along Hwy 427, before barrier construction (and with a few
observations since a concrete barrier was erected);

2. Between Leslie Street and Bayview Avenue, along Hwy 401, after barrier

econstruction;

3. Between the Don Valley Parkway and Victoria Park Avenue, along Hwy 401,

after barrier construction.

For these sites, the files contain information on the racent sale price
and the date of the sale, the original sale price at the time thar the house
was first built and the date of that sale, the lot size, aad the amounr of

cash paid as part of the sale.




The first step to prepare these data for & multiple regression analysis
of house price on its determinants was to remove the effects of inflation
from the house prices over the period covered by the data. Several price
indices were considered for this purpose: the owned accomodation component
of the Consumer Price Index; the residential construction ecst index; and an
index of average prices for Toronto real estate sales. The real estate
index was chosen for four main reasons. First, it clearly ilncorporates
seasonal effects and the effects of brief perlfods of sﬁeculacive activity in
the housing market, which neither of the other indexes does. Second, the
owned accomodation index includes many 4items which czre extraneous-lfor
consideration of sale price (for example, utility and heating charges, and
repair costs), and also includes costs sssoclated with condominfum ownership
in the index. Third, the comstruction cost index cannot include the various
factors which affect resale prices of housing, such as market demand, since
ic is based solely on costs of new home construction. TFourth, the real
estate index is available for each of the three Toronto sites, making it the
index most representative of the price experience of the homes in the study.
These factors combine to make the real estate index the best cholce for
measuring house price behaviour. The Toronto Real Estate Board made
available to us Information on the average selling price, for houses only,
in each of three districts within Metropolitan Toronte, for each month,
Jamuary 1977 through November 1985. These prices were used to construct a
housing price index, using 195! as the base year. The sale price for each
of the individual sales in the file was then converted to 198] dollars by

division by the index value for the month, year, end locacion of the actual

sale,




Several other variables were also added to che daca file. Noise data
for each site, used in these and later calculations, were obtained from
Soren Pedersen of the Highway Deslign Q0ffice of MIC, who generated the values
appropriate to each site using the nolse prediction madel Stamina 2.0. In
all, 107 observations wera available for this analysis.

Two yegressions wara run to identify the §$/dB effect. The first used
the original sale price as a proxy for the housing characteristics; the
second excluded that wvariable. Results for the two tuns are shown in
Tabla 1. ~ The first result to note is that the coefficient on sound is
consistent between the two runs: noise 13 valued at about =466 to
-486 5/dB. This coefficent is significant in both cases at the 5% level,
but the sample i85 small. With a larger sample, cne might expect this to be
significant at more stringent acceptance levels., This value {s reasonably
cloge to that found by Taylor, Breston and Hall (1982), of =-312 §$/dB at
expressway aites. The difference between that value and the new one may be
due eithar to the variation still present in the current small sample
(standard errors of the regression coefficients are about 270), or to
general inflation. Taylor's numbers are in 1977 constant dollars; ours ara
in 198] dollars. Applylng our price index value from June 1977 to Taylor's
results would bring them to ~505 §/dB in 1981 dollars, which is remarkably
close to the current chul:s.

However, inspection of the coefficients on the other variables suggests
that this parcicular regression 1s not the atrongest possible. The
coefficients on Toreonte West and on ‘'detached house' change substantially
when the ‘original price' i1n exeluded from the equation, suggesting that
original price 15 correlated with these other wvarlables. The simple

correlation matrix confirms this. Although the orlginal price acts to some




extent as a proxy for housing characteristies, it is at best an imperfect
measure for this purpese, since variation in this variable 1s due to several
factors includiog inflation. Since the housing priece index does not go back
as far as these original sales, many of which took place in the early 1960s,
it is not possible to standardize the origimnl price variable to the 1981
base. Although the effects of inflation are removed from the left~hand side
variable in the regressions, these effects are present Iin the original price
variable on the right-hand side. Thus, these reault;; with original price,
though quite suggestive, argue sl:i:ongly for expansion of the data. set to
include a complete set of housing characteristies. '

The aecondary' question for consideration here is whether the noise
effect is linear or noplinear in dB. There was scme indication in the
Tayler et _al. paper of a threshold noise level below which a noise discount
was not found. It seems plausible to expect people to put a larger
(negative) dollar value on nolse at high noise levels than at low ones, and
it is reasomable to suppose also that levels below 55 dB are mot likely to
engender any negotive reactions, or tegative pricing., Our analysis above
implicitly assumes that the same dollar pemalty 1is placed on a 5 dB nolse
increment at 70 dB as ar 50 dB. Four additional rzegression runs vere
carried out to consider other pessibilities.

The first two of these were based on a suggestion by Eldred (1983) that
the integral over time of the total scund pressure experienced, wmeasured in
Pascal-squared seconds, may better reflect individual reaccion to noise than
@ measurz based on a logarithmie acale. Eldred's measute contains the
asgumption that changes in the squared pressure, rather than changes in
deeibels, are valued equally. For example, moving from 50 to 55 dB would be

reflected in a move from roughly 3 to roughly 10 Pascal-squared seconds, or




an increase of 7. An increase from 70 to 75 4B would be reflected in this
measure in an inercase of 680 (from 320 to 1,000). Clearly the iluplicatcion
is that a given dB increment at higher decibel values will be avaluated much
more geverely on this scale than on the logarithmic decibel scale, if the
coefficient on this variable is significant.

The results appearing in Table 2 for this analysis are not enceouraging.
Without the original price variable in the equation, Eldred's measure is not
significant at any conventional level. Even when original price is
included, the t-statistic of the coeffici‘en: on sound (=1.34) is still not
very close to conventional acceptance levels. On the basis of these d::u:a,
it appears that house prices gre more closely related to decibel measures of
sound than to measures based on the total sound pressure experienced.

A second procedure to identify non=linearity invelved use of a sec of
dummy wvarisbles to characterize the sound levels, in place of the actual
deeibel walue. Intervals of 3 dB were used, starting at 55 4B and going up
to 73 dB. The results {(Table J) suggest that there are some anomalies in
this small data get that may be producing misleading results. In
particular, the coefficients on the nolse variable set in this sample do not
show a sensible progression, in the sense :ha.t people in this sample are
willing to pay wmore, other things belng equal, for a home in the noisiast
category than for one a blt quieter. This finding is questionable since
only 5 of the 107 sales in the sample are in this noislest group. The
procedure itself however has some promise for uncovering non-linearities in
the house price effect of highway neise, as evidenced by the shift from
positive to negative valuations at 60 dB. The current sample is not,

however, appropriate to uncover this effect completely.




ANALYSIS OF DATA FROM TORONTO REAL ESTATE BOARD

The Toronto Real Estate Board keeps as part of the histerical records
of sales a copy of the original Maltiple Listing Service (MLS) card on the

sale. Thus there 31s a brief verbal description of key festures of the

house, as wall as a summary of the most relevant characteristics. A

university student was hired to collect and code information from that

source to be entered into che cowputer for analysis. Some of the sales iIn

the MIC Property Office file could not be retained- -in this new data set

because they were not carried on the miltiple listing files, and therefore

the detailed housing characteristics were not avallable. On the other »hé.nd,
because the MLS records spanned a nuomber of years not covered in the MIC

studies, there were pany more sales for the three sites in the mltiple

listing files than were contained in the Property Offiece reports; thua chere

is a mich larger dacta base for this smnalysis. The complete sample based en

the Toronto Real Eantate Board data acquisition contains 394 obserxvations, of

vwhich 136 are from the Highway 427 site, 103 are from the Highway 401 and

Leslie St. site, and 155 are from the Highway 401 and Vietoria Park site.

The complete list of wvariables used for the regressions is shown in
Table 4. As 15 clear from this list, the Toronto Real Estare Board sample
permits regression estimation of noise effects holding constant an extensive
set of characteristics likely o influence hecuse prices.

As with the MIC Property Office data set, three measures of noise are
used: the 24 hr. I‘eq; Eldred's proposal; and a set of dummy variables.
EBach one is uged in a separate regression ecquation. As an addiricpal test
of whether non-linear functions of noise mipht ba appropriate, equations are

estimaced using a noise variable computed as the (dB) difference between the

measured level and a threshold level.
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The discussion, then, covers four ways of treating the noise variables,
and involves Estima:ion across four data sets: the Vietoris Park,
Etobicoke, and Lesllie Strecet sites, plus the pooled set‘cnnsisting of all of
these., Each of the three sites will be discussed sepavately first, and then

the pooled results will be comnsidered.

(i) The Victoria Park Site

Consider first the Viectoria Park or Toronto Easé site, which has the
largest number of observations (153). The complete equation based on
24=hour Le i8 shown in Table 5. The implied base case for these estihétes
is a 1l=-storey detached house with an unfinished basement, mno air
conditioning, no pool, and a private driveway but no garage. For such a
house, the equation using the dP measure ylelds an estimated selling price
(in 1981 dollars) as follows (assuming that each of the other relevant
variables had a value close to its mean for the full sample as shown in
Table 4, pamely a 60 dB noise level, a 5300 sq.ft, lot, 7 rooms, 1.5 bath-

toows, 3 bedrooms, 1 appliance included, and an inferasc race of 14.13):

Price = 93,828 - 312#%60 = .06639%5300 + 135747 + 1984%L.5
+ 1393*3 ~ §8%) + 237* 14,1

m £94,966 °

This exawple is a reasonable indicnt}on of the nature of the eguation. One
drawback, however, is that some of the coefficiaeants are not statistically
slgnificant in that equation (see Table 5). For example, the coefficient on
lot size, =Q.06639, has a uegafive sign, which 1s contrary to expectations,

although it 1s not significantly different from zero. More importantly, in
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some equations, the nolse variable 1itself does not have a significant
coefficient. Consequantly, we have chosen to report results based on the
equations with all variables entered, as indicated by the result in Table 5.
That table, however, is the only one which will display all the
coefficients. GSubsequent discussion wlll be focussed solely on cocfficients
for the noise variables, from similar equatiecns. These coafficients for all
4 data sets are summarized in Table &, for three of the noise variables, and
in Table 7, which describes results for the threshold functions.

The results in Table 6 for the Viegoria Park site, for esll three noise
variables, are relatively easy to interpret. Thehiz;hour Leq is signifiéanu
at  the 5X confidence level, and its coefficlent indicates that each
additional dB reduces the price of a house by, oo average, $312.

It is important to be aware that a single coefficient, particularly the
one on dB, cannot be incterpreted in isolation. In particular, it is not
correct to say from this result that locating a housé in a 60 dB nelghbour~
hood reduces the selling price by $18,700. The correet interpratation, and
the important result of lthis analysis 1is that within rhe range of data
available at this asite, (roughly 55 to 70 dB, 24=hour Leq)' each added dB
decreases house prices by roughly $312. Given that the average house price
in the area 1s $87,187 (in constant 1981 dollars), this translates to a
change of 0.35Z of the house price per dB. The large product of number of
dB timen this coefficient also explains the large constant term in the
equation.

The second variable used to represent noise is Eldred's measure. This
variable 4s also significanet at the 5% level. The change in magnitude of
the estimated coeffficient is simply a funetion of the different scale of

the underlying neise variable, as discussed earlier, When translated back
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to its dB equivalent, this measure glves a non—-linear shape £or the
relationship. This Eigure led us r.n‘ attempt gquadratic functions of the
24=hour Leq, which were not supported by the data, as well as the threshold
functions reported in Table 7. Not only does the preésure—squared measute
produce a non-linear fumctlion (which it should by the very nature of the
variable), but also the set of dummy variables representing nolse intervals
constitutes an approximation to a non-linear function.

The interval results also suggest some peculiarities of these data at
the Victoria Park Site, which stand ocut very clearly in Figure l, as well as
in Table 6. In particular, at one level, an increase in the noise levei 15
associated with an increase in the selling price of the house: uwoving from
lavels in the 55-57 dB range to levels in the 58-60 range adds 351815 to the
selling price. However, none of the coefficients for the intervals is
astatistically significant,

The fourth treatment of the noise variable was by.way of a series of
regression equations, using a threshold function for noise. The nolse

variable was defined to be

x=0, for 4B<T;

x=dB-T, for d43>T, where T 4is the threshhold.
Values of the threshold, T, from 55 to 65 dB were used, in steps of 1 dB.
These results (Table 7) can be interpreted in two ways. The first is to
note that there is very little difference in the adjusted R-squared for any
of the equations. Hence an arpument could be made that a threshhold
function 1is not necessary, and offers little improvement over a4 linear

function. The second interpretation focusses on the changes which do oceur
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(in the chird and fourth decimal place of the adjusted R-squared, and in the
t-g:atistic). This view says that the best threshold for the Viectoria Park
site 1s 65 dB, and that above that level additional noise 1s wvalued at
-1804 §/dn. Selection from among regression equations on the hasis of
differences in R-squared, however, normally trequires greater differences
than this, and eo the £irst view is probably eorrect. There is no evidence

from these data that non-linear functions are needed.

{11) The Etobicoke Site
The results for the Etobleoke site appearing in Table 6 are laféely

similar to those just discussed for three of the treatments of the noise
variable. The coefficlent on 2Z4-hour Leq is -356 $/dB, about 540 lower than
for the Victoria Park site, but quite comparable. The coefficient on
Eldred's measure 1is elgnificant, although sgmaller chan bdefore. The
threshold functions again show a change only in the third decimal place of
the adjusted R=gsquared. This time 1f one were to select the highest
R-gsquared, & threshold of 56 dB would appear to be best. Hence the
conjunetion of the results for the two siltes supports the notion that a
threshold funetion is not warranted.

For the set of dummy variables representing noise intervals, however,
there is a difference in these results, in that three of the coefflclents
are significant. The problem of incrcasing house prices in noisier areas 1is
6till prasent, however, this time for two steps: that from 58-60 dB to
61-63 dB, and again in the move from 64~66 dB to 67-69 dB. The anonalous
coefficients are not significant, however, and so this may be a problem due
to a relatively small sample with a non-representative discribution of house

prices across the wange of noise levels.
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(111} The Leslle Street Site ,

The results for the Leslie Street site are quite different from those
for the previous two sites. For example, the coefficents on 24-~hour Leq and
on Pascal-squared seconds are roughly an order of magnitude larger than the
earlier ones, Likewise the results for the dummy variables and for the
threshold functions show muich larger coefficlents, although otherwise they
support the same conclusions as did results for the two previcus sites. The
question which needs to be addressed is why the cocfficlents are so much
larger at the Leslie Street site.

The first approach attempted was tgﬂidok for sopething different about
the leslie Street site., Three poesibilitics occured to us, arising from the
fact that noise is highly correlated with distance from the roadway, and
that therefora the coefficlent on the nolse variable may be blased by the
omigsion of some other correlate of housing price in this area which 15 alaso
related to distance from the road.

The first possibility 1s chat the fmportant difference 15 in the type
of barrier built at the site. The barrier at the Leslie Street site 1is a
green metal barrier, wheresas the other two sites have concrete barriers. If
such a barrier is deemed to be unpleasant, then there may well be a propersy
value effect based on livipg with it in che backyard, as opposed simply to
belng able to see ic,‘aa opposed to not being able to see it. This explan-
ation seems unlikely howaver.

A Becond possibility draws on an unusual aspect of the topography at
the site. For about half of the length of cthe site, measured along the
expressway, the roadway 1is elevated relacive to the housing. Consequently,
the barrier is exceedingly high in some of the backyards, and is very

dominant visually. It may well be this 'Great Wall' effect rather than the
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green metal barrier material which is leading to the difference, but in the

pame woy just explained for the first possibility.

The third possibility 15 alse baced onm this unusual topography. The

prices for the houses closest to the roadway may reflect some kind of fear
of the traffic on the elevated roadway, on the part of buyers or prospective
buyers, and of the prospect of damage or injury from vehicles leaving the

road. The prices would then reflect a risk discount in addition to a noise

.

discount.

To test these last two possible explanations, we revisited the site,
and recorded the exact addresses of the houses which experience this 'Great

Wall' effect, with the intention of adding a dummy variable to the analysis

to reprasent it. To our considerable surprise, none of the houses with the

Great Wall in their backyard were represented in the data file, Therefore,

the sccond and third possibilities can be rejected as irrelevant, and only

the first one remains. The only site-related difference we can identify is

the difference in the type of barrier.

There 1s, however, a second answer to the question of how this differ—

ence between areas may arise. There 1s the possibility chat the reselt is

simply a statistical anomoly, There is some tentative support for this

view., It can be seen in Table 8 that the sample for the Leslie Street site
contains very few observations at high noise levels: only 2 in the 70-72 dB
range; ll in the 67-89 dB range, and only 2 in the 64-66 4B range. Sixty—

six percent of the observations fall in the 58~60 dB range. These features
of the sample raise serious questions about the representativensss of the
sample to the population of house prices; a2 few unusual house prices at high

noise levels could easlly bies the coefficlent on the noise variable,
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To further dinvestigate this explanation, the noislest houses were
deleted from the Central Toronto sample, and the analyses were re-run. The
results are surprising. When all houses experiencing levels of 67 dB or
above were deleted, the regression coafficient oﬁ 24=hour LEq dropped
sbarply (and became non-significant). This suggests some unusual behavior
in the joint distribution of nodse levele and house prices. The joint
discribution of house prices and noise levels for the Leslie Street sample
ias arrayed in Table 8 and Figure 2. Examinacion of these pages raveals
that, at thig site, the Qore expensive houses are located in quieter
environmants. For the thirteen data points at nolse levels of 67 dB' and
above, the largest house price (in 1981 conatant dollars) 4is $152,500.
Forty-two homes in this sample have higher constant dollar values (ranging
up to $272,000) and all of these are at noise levels below 64 dB. To the
extent that higher valued houses exist at the highey noise lavels, this
particular sample may be non-~representative of the population Joint
distribution of house prices and neise levels, and cthus neise coefficient
estimaces based on this sample may be seriously biased.

Given the scale of Figure 2, a populacion $350/dB noise penalty would
be consistent with a population regression funetlon with only a slight
negative tilt from the horizontal, to reflect a drop of $4550 ovar the 13 4B
range from 59° to 72 dB in the Leslie Streec samples. It 1s clear frow the
scatter, however, that an estimated regression Jline through these data
points will have a much ateeper slope than this, since, except for outliars
act 64 dB, all of the remaining obsarvations at noise levels of 61 dB and
above occur at house prices below $153,000, 'wich the majority ar prices of
less than §120,000. These features lead to the mch higher neise pepalry

(almost $3000/dB) than was found at the Etobicpke and Victoria Park sitea.
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It is easy to see in TFlgure 2 that discarding the high nolsc observations
{(at or above 67 db) only leads to & steeper negative relationship befween
house prices and noise levels, as was observed in the calculations.

Accordingly, we believe the rgsults for the Leslie Street eice must be

viewed with skepticism.

{iv)  The Pooled Sample

These remarks about the joint discribution of héduse prices and noise
levels for the Leslie Street site also e¢all into question the represent-
ativeness of the results escimated for the pooled sample, for example,'the
coeffdlctent of =775 §/dB on 24~hour ch (Table 6). It is clear that the
Leslie Streec sample is rthe pource of the difficulty, sinece it contains all
but one of the high wvalued howes, all but one of which have low noise
levels. Since the Leslie Street sample forms part of the pooled sample, any
bias in the noise effect at that site due to non-representativeneas of the
sample will be built into the pooled sample noise coeffleient; if the Leslie
Strest sample is non~represaentative, then the figure of =-§775/d3 simply
cannot be generalized to che population as a whole. The same reasoning
applies to the other pocled sample coefficients for neise variables in
Table & and Table 7. Basically, because of the nature ;f the sample at thae
Leslie Street site, any results which incorporate those data are probably
guspect. With a different sample design, this problem might be eliminated.
However, given the fact that cthe sample was not (and could net have bzen)
designed to maximize the vardsticon in the noise levels, or to have
representative numbers of ohservations at each of the several nolse lavels,
problems of this kind, which ecan strongly affeet the results, are

unavoldadble. In the pooled sample only 30% of the cbservations occur in the
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nofglest 4 of the 7 noise level categories. This 1is of course to be
expected, given the way sound propagates (with equal reductions per doubling
of distance, rvather than for equal incrcases of distance away from the
source). However, it does make for difficulties 1o estimating regression

coefficients, particularly when housing prices are distributed irregularly

as wall.

CONCLUSIONS

Two main questions were identified for this paper. Is the 5/dB v;:tlue
" found in othar highway nolse property value studies also found at sites with
nolse barriers? And, is it correct to consider property value effects as a
linear function of noise? Unfortunately, this study has not been able to
provide unequivocal answers to those questions. The general indication is
that the results for housing sales behind barriers are consistent with those
of other studies, but there are scme differences. Linear functionms of nolse
level perform as well as any other function, but one of the non-linear

approaches also performed well.

The main question was whather the $/dB effect at locations with noisa
barriers is consistent with the effect at sites without barriers.- The bases
for this cowparison'were described brilefly in the introeduction to the
report: studies done in the U.S5. summarized by MNelson, which reported
results in terms of 2 change in house price for a 1 dB change in nolse
level; and the ptudy by Taylor et al. conducted in the Toronte area which
reported results in a $/dB format, (For the romparison, only the d3 nolse

measure from our study is appropriate; the other non-linear measures were

not used in the previous studies.)
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The various studies reported by Nelson showed house price effects of
noise which ranged from 0.20 to 2.22%/dB, with the great bulk of them being
betwesn 0.2 and 1.0%/dB. Pooled sample estimates wvaried from 0.25%/dB for
two studies to 0.82/dB. For the FProperty 0ffice data met, our results

showed & change, on average of 0,522/dB. For the Real Estate Board data,

the changes were 0.335%7/dB in Vietoria Park, 2.10 at Leslie Street, 0.39 in
Ecobicoke, and 0.76 for the pooled sample. These are broadly coasistent,
even to having one outlier at & value above 2.0%/dB.

Results based on the MIC Property Office data set showed a §/dB walue
of =46b or =486. This compared very favourably with the Tayler M.
result of =505 $/dB (in 1981 dollars). The results from the more detailed
Toronto Real Estate Board data set are not &0 close to the Taylor results:
§/dB values range from =312 in the Vietoria Park aample to =2971 at the
Leslie Street site, with a poolad sample estimate of =775 (in 1981 dollars).
This 4s S50Z higher than 1n the Taylor study, yet without the Leslie Street
data, it appears as 1f ocur results would be only about 60% of the Taylor
(and Property Office data) rasults,

This leads to some interesting speculation. With coarse data (the MIC
Proparty Qffice set, lacking housing characteristics), the $/dB results for
nolse barriers are broadly conaistent with other studies. With more
complete data, the “'?" results are generally lower (ignoring the unusual
data for the Leslie S5t. site). If we accept the lower estimate for the
noise barrier sites, then this may be partial evidence in favor of a
non~linear function between noise levels and house prices. The Taylor
gt _al, result came from locations where the highest noise levels exparienced
wera all abeve 70 dB. In the two sites whose results we are prepared to

accept in thié study, only 4 of the 291 obsmervations were at levels above
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70 dB. Alternatively, these results may be viewed as partial evidence for
the proposition that the nolse penalty is lower at barrler sites than at
sites without barriers, that 1s, barriers do matter. However, that must
remaln speculation; the data are certainly inadequate to provide a clear
test of that suggestion.

The ovarall conclusion is that the results from our analyses are
generally consistent with the earlier studies of the house price effects of
road craffic nolse. This means that nolse barrlers appear to be fully
effective in dimproving the aural envirotment, 8t least as people's

v

perceptions of that characteristic are reflected in housing prices.
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Table 1

Results of Analysis to Find 8/dBE Value:

MTC Data Set

Variable

Original
Price

Sound
Lavel

Lot Area

Toronto
Cantre

Toronto
West

Detached
House

Interest
Rate

Conatant

Ineluding
Original Price

tot Including
Original Price

Regression  Std, t
Coefficient Error wvalue
1.90 0.769 2,48

~48642 267,0 =~1.82
1.50 l.45 1.03

5517.0 3735.0 1,58
=10950.0 9739.0 -1,12
10320.0 9607.0 1.07

~39.01 39¢.0 -0.10

79890.0 22380.0 3.57

Regression  5td. t
Coefficient Error wvalue

-466.0 273.0 =1.70
2.73 1.40 1,95

6415,0°  3845.0 1.67
~29440.00 6412.0 ~4.59
27780.0 6630.0 4a15

37.42 398.5 0.09
101600.0 21110.0 4.81

i At g
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Table 2

Regrasaion Results for Pascal-squared Seconds (Eldred):

MIC Data Set

Including

Original Price

Hot Including
Original Price

Variable

Original
Price

Eldrad
Mezasure

Lot Area

Toronto
Centre

Toronto
Hest

Detached
Houne

Intarest
Race

Constant

Regression Std.

t

Coefficilent Error wvalue

1.90 0.78

~0.000394 0.0003
1.53 1.46

6571.0 © 3750.0

=9931.00 9806.0

10856.0 9669.0

-35 . 30 388 . 0

48350.0 13100.0

2.48

_1-3“
1.05

1.75

~1.01

1.12

0.09%
3.69

Regression Std. t
Coefficient Error value

-0.00037 0.0003 =-1.23

23

2.75 1,41 1,95 -

7048.0 3837.0 1.84

—-283590.0 642440 =4oh2

2824040 6724.0 4.20
109.0 397.0 0.28
71260.0 9397.0 7.58




Table 3

Dummy Variable Regression for Noise Levels

MIC Data Set

Including
Original Price

Not Including
Original Price

Variable

Original
Irice
Nolse
Levels:
58=60.9
61-63.9
64=6649
67=69,9
70-72-9
Toronto
Cantre
Lot Area
Toronto

Regresaion

Std. t

Coefficient Errtor value

1.68

2856.0
—-4087.0
~3010.0
=6251.0
=1565.0

5856.0
1.40

Weot =11627.0

Datached
Housa
Intareat
Rata
Conatant

10877.0

"‘152.5
57230.0

0.79 2.12

4177.0 0.68
3872.0 =-1.06
4122.0 -0.73
3761.0 =1.66
5914.0 «0.27

4290.0 1.36
1.50 0.93

10222.0 =1.14
9965.0 1.09

400.0 —0.38
14152.0 4.04

Regression

Std. T

Coefficient Error value

4783.0
=3536.0
=2671.0
~5569.0

-100.0

5769.0
2,45

=27550.0
25720.0

~105.9
77640.0

4150.0 1.15
3933.0~=0.90
4193.0 -0.64
3814.0 =1 .46
5979.0 —0.02

4367.0 1.32
146 1.70

7052.0 ~3.91
7214.0 3.356

407.0 ~0.26
10550.0 7.36
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Table 4
Variables used in analysis of Toronto Real Estate Board data, and pooled

ganple characteristice (n=394)

CATEGORIES, REPRESENTED BY BINARY VARIABLES
percentage of cample

in each category
Loecation in the city:

West (near Buy 427) 34,52
Central (Leslie St) 26.1%
East (Vietoria Park) : 39.3%
Dwelling type: .
one-storey detached Gbd .42
two-storey detached 14,02
one-storey scmi-detached 41.12
two=-storey semi-detached 0.5%
Driveway type
private 97.0%
shared 3.02
Size of garage
gingla-car 25.9%
twa=car 14.7%
carport 10.7%
no garage 48.72%
Bagement conditfon
findshed ) 51.82
partly finished 33.22
unfinighed 14.2%
Prasence of central alr conditioning 24.92
Presence of o swimning pool 14.5%

YARIABLES MEASURED ON RATIO SCALE
mean value in sample

Number of rooms 6.89

Number of bedrooms 3.38

Number of bathrooms l.64

Number of fireplaces 0.22 . .
Humber of appliances included 1.43

Number of additlonal apartments in the housa 0.04

Lot gize (ﬂq- ftc) . 5307.

Recent sale price {constant 1981 §) 102476,

VARIABLES OBTAINED ELSEWHERE mean value in sample
Calculated sound level at house (dB, 24=h Leq) 60.3

Presence of a barrier (absent at most Etobicoke sales) 69.3%
Price index for houaing sales (1981 = 100) 0.9517
Interest rate on 5~yr mortpgages at time of sale 14,12
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Table 5
Regression coefficlents for functions containing 24-hour Leq' using all

21 wvariables for the Victoria Park site {nw=155)

Independent Regression t—-
variables coefficlent statistic
24=hour L =312.11 -1.68
constant term 93828.00 746
l=-srorey semi-~detached =11834.00 ~4492
2=prorey detached 25461.00 6.82
l=car garage 6844 .00 3.85
swimming pool 6096.00 3.40
number of rooms 1357.00 1.73
number of bedrooms 1393.00 1.03
mortgage interest rate 257.00 0.98
partly finished basemt -2792.00 ~1.48
number of bathrooms 1984.00 1.17
number of fireplaces 1491.00 0.7
finished basement ~1383.00 -0.78
2=-car garage 3343.00 0.80
carport 1253.00 0.71
no. of sdditional apta =-1920.00 =0.53
shared driveway 1020.00 . 041
Z2=atorey semi-detached 1161.00 0.20
ne. of appliances incl ~-58.00 -0.18
lot size -0.0664 -0.11
central air condition -58.00 .04

The adjusted R-squared for che equaction 1is 0.6416

Notes: The implied base case for the regression is a ]-storey detached
house with an unfinished basement and a private driveway.

The value of t required for significance at the 5% level for a
one~tailed test 1s 1.645, and for the 12 level is 2.326




Table 6

Regresalon ceefficlents on noise, by areas in Toronto
(t=valuegs in parentheses)®

Nolse measure

24 hour 1.eq

Pascal=squared seconds

Intervals:

Sample Size

® The critical values of t are 1.645 for the

«01 level.

58-60
61-63
64-66
67-69
70-72

Victoria Etohicoke

Park site

~312.11
(“1.68)

=23.06
(=1.96)

1816.00
(1.072)
451.00
(0.16)
54.00
(0.03)
-3384.00
(-1-31)
Zero
chservatns

153

slte

"355.00
(—2036)

-12.33
(2.21)

-6809.00
(-3.05)
1583.00

(0.68)
~5889,00
(=1.77)
=3660.00
(“1049)
=-3060.00
(-2119)

136

Laslie

Strecet sgite

=2570.67
(-2-30)

-99.,45
(~2.05)

base
case

~18208.00
(-1-77)
~7208.00
(‘0-37)
-~20107.00
{~1.69)
=~34386.00
(-1.52)

103

.05 level and 2.326 for the

Pooled
sample

=775.26
("'3-23)

~27+34
(~2.67)

1648.00
{0.53)
=6634.00
(=1.92)
=-4453.00
("1023)
-9222.00
(=2.54)
=9857.00
(-1.30)

394
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Houge Price and NHolse Level Distribution for leslie St. Site

52=54.9 4B
55-57.9 dB
5B8=60.9 dB
61=563.9 43
64-66.9 dB
§7-69.9 dB
70-72.9 dB

Sample glze

All obs. at site

\\
0
]
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Table 8
{ FREQUENCIES)

SOR-100¥ 100K~150K
0 0
0 0
1l 17
13 5
1 1
6 4
1 1
32 28

150K and Up

oo

40

O - O N

43

30




Figure 1

House price effect relative to 55 dB
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